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BACKGROUND OF THE INVENTION 

0001 The invention relates to an apparatus for compensating 
temperature differences in thermally loaded bodies of 
low thermal conductivity. The invention relates also to 
apparatuses for mirror supports which are used in 
projection lenses for micro lithography. 

0002 Heat-distributing apparatuses are generally known in 
micro lithography. Thus, for example, US 5,220,171 and 
US 5,413,167 describe heat-distributing apparatus for 
cooling wafers by using a liquid guided in channels as 
heat-transporting medium. 

0003 US patent 5,313,333 relates to devices for 
compensating temperature deviations in an optical 
assembly . 

0004 Japanese publication JP 83 13 818 discloses a mirror 
with a cover plate, which has a reflecting layer, and a 
lower plate which is arranged therebelow and is 
situated at a spacing therefrom, the two parts being 
connected to one another by webs and chambers situated 
therebetween . 

0005 a mirror support in a projection lens for micro 
lithography is heated by absorbed useful radiant 
energy. This results in two temperature problems which 
are to be distinguished from one another: 



0006 



One problem consists in an excessively large increase 
of the mean substrate temperature. This can lead to 
variations in the micro-structure of substrate and 



- 2 - 

layer materials, which disadvantageously affect the 
properties of the optical surface. 

0007 The other problem resides in an inhomogeneous 
temperature distribution inside the mirror substrate. 
Because of the thermal expansion, an inhomogeneous 
temperature distribution results in an expansion 
distribution which is approximately analogous thereto 
and deforms the mirror substrate and thus the optical 
surface . 

0008 a solution should be found for both thermal problems, 
but for that of the inhomogeneous temperature 
distribution, in particular. The problem of the 
inhomogeneous temperature distribution will be 
explained in more detail below to promote better 
understanding of the particular mode of operation: 

0009 The inhomogeneous temperature distribution inside the 
substrate essentially has the two following causes: 

0010 Whereas the heat input takes place virtually 
exclusively via the optical surface, the output of heat 
is accomplished chiefly by emission at the edge and 
rear of the mirror, and partially by thermal conduction 
via the mount. Since the points of heat input are 
therefore situated elsewhere than those of heat output, 
temperature gradients are formed because of the thermal 
resistance of the substrate material. 

0011 The second cause is the illumination, generally 
inhomogeneous, of the optical surface, because firstly 
the radiation region does not occupy the entire optical 
surface, and secondly the circuit pattern projected 
with the aid of the projection optics causes an 
inhomogeneous intensity distribution inside the 
radiation region. Strongly irradiated regions of the 
optical surface then warm up more strongly than weakly 



A 
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irradiated ones. If it is desired to solve the problem 
of the substrate deformation caused by an inhomogenous 
temperature distribution, it is obvious to use a 
substrate material whose coefficient of thermal 
expansion is very low. This approach is often adopted 
in precision optics by selecting substrate materials 
such as quartz, Zerodur or ULE, and leads to a 
substrate deformation which is sufficiently low for 
many applications. However, a disadvantage of the said 
materials is the thermal conductivity, which is much 
lower by comparison with metallic materials and leads 
to comparatively large temperature differences inside 
the thermally loaded mirror support and partially 
cancels out again the deformation-reducing effect of 
the low coefficient of thermal expansion. This fact has 
a very disadvantageous effect particularly in the case 
of mirror supports in micro lithography lenses for the 
13 nm technology (EUVL) , since because of the high 
degree of absorption of an individual optical surface 
of approximately 40% in the 13 nm band, the heat flux 
in the mirror support becomes very large and large 
temperature differences thereby occur in the substrate. 
At the same time, the requirements placed on the 
accuracy of the surface shape in a mirror system such 
as is represented by an EUVL lens are substantially 
more stringent than in the case of lens optics such as 
are chiefly used at present in micro lithography. 

It is therefore the object of the present invention to 
create an apparatus by means of which the heat 
distribution in the thermally loaded body can be 
improved without the risk of thermal deformations and 
without simultaneously worsening the low coefficient of 
thermal expansion. 
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SUMMARY OF THE INVENTION 

0013 This object is achieved according to a heat- 
distributing device having one or more heat- 
distributing bodies adapted to surfaces of the 
thermally loaded body such that there remains between 
the thermally loaded body and the heat-distributing 
bodies a gap which is filled with a fluid for the 
purpose of the thermal coupling of thermally loaded 
bodies and heat-distributing bodies in conjunction with 
mechanical decoupling. 

0014 According to the invention, a separation now takes 
place between a mechanical coupling and a thermal 
coupling with reference to the thermally loaded body. A 
coupling fluid is introduced in an appropriately 
created gap or in an intermediate gap between the heat- 
distributing device, which distributes heat and 
dissipates heat and is, for example, embedded in the 
thermally loaded body or arranged thereon, and the 
thermally loaded body. The coupling fluid ensures 
thermal coupling to the heat-distributing device, but 
simultaneously decouples the latter mechanically from 
the thermally loaded body. In this way, deformations of 
the heat-distributing device are not transmitted onto 
the thermally loaded body, for example a mirror 
substrate or a mirror support. 

0015 in this case, a solid body made from a material of high 
specific thermal conductivity such as, for example, Cu, 
Al, Ag etc. can be used as heat-distributing body. 
Another embodiment of a heat-distributing body consists 
of a thin-walled solid body penetrated by capillaries, 
for example a tube, through whose capillaries a second 
fluid flows. Here, the heat distribution takes place 
through the entrainment of the heat with the flowing 
fluid. 
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0016 The coupling fluid, which fills the gap between the 
substrate, that is to say the thermally loaded body, 
and the heat-distributing body, can be a liquid, a gas 
or else a material of sufficiently low viscosity. 
Preference is given to liquids of good thermal 
conductivity such as, for example, water, mercury or 
metal alloys which are liquid at room temperature. 

0017 In order to rule out a deforming influence of the 
pressure of the coupling fluid on the thermally loaded 
body, the heat-distributing device can include a device 
for pressure compensation between the coupling fluid 
and the external surroundings of the thermally loaded 
body. The device can be designed in the form of an 
ascending pipe or an elastic vessel, for example a 
metal diaphragm bellows. Preference is given to the 
design having an elastic vessel formed from a metal 
diaphragm bellows, since this renders it possible to 
seal the coupling fluid with reference to the 
surroundings of the substrate, and thus to prevent the 
coupling fluid from running out or outgassing. 

0018 The coupling fluid, which fills the gap between the 
thermally loaded body and the heat-distributing body, 
executes no movement, that is to say does not flow. 
This rules out pressure differences inside the gap 
volume on the basis of flow pressure drops. 

0019 The apparatus according to the invention ensures a 
substantial reduction in the temperature difference 
inside the thermally loaded body, and thus ensures a 
reduction in the thermally induced deformations of the 
optical surface, the high degree of mechanical 
decoupling in the heat-distributing device and the 
thermally loaded body taking account, in particular, of 
the high requirements placed by micro lithography on 
the- dimensional stability of the optical surfaces. 
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0020 In a preferred development of the invention, the heat- 
distributing device is connected to one or more 
temperature controllers. It is possible with this 
development to reduce and stabilize the mean 
temperature of the thermally loaded body. It is 
possible, for example, to use as temperature 
controllers Peltier elements whose cooling side is 
directly connected to the heat-distributing body of the 
heat-distributing device, and whose warmer side outputs 
the heat absorbed by the thermally loaded body, and the 
lost energy occurring during operation of the Peltier 
element, doing so by thermal radiation. In another 
embodiment, the heat-distributing body is flowed 
through by a cooling liquid which is guided out of the 
heat-distributing body and is cooled by a temperature 
controller situated outside the heat-distributing 
device . 



BRIEF DESCRIPTION OF THE DRAWINGS 



0021 Further advantageous developments and refinements of 
the invention follow from the subclaims and from the 
following exemplary embodiments described in principle 
with the aid of the drawing, in which: 



figure 1 shows a section through an embodiment in the 
case of which the heat-distributing body of 
the heat-distributing device is adapted to an 
exterior side of the thermally loaded body; 

figure 2 shows a section through an embodiment in the 
case of which the heat-distributing body is 
embedded in the thermally loaded body; 



figure 3 



shows a section through an embodiment in the 
case of which the heat-distributing body is 
embedded in the thermally loaded body and is 
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held by a bearing structure situated on the 
outside; 



figure 4 shows a section through an embodiment in the 
case of which the heat-distributing body is 
formed from a tube structure through which a 
liquid flows; 

figure 5 shows a section along the line V-V in 
figure 4; 

figure 6 shows an enlarged illustration of the detail 
X in figure 5; 

figure 7 shows a section through an embodiment in the 
case of which the heat-distributing body is 
provided with a multiplicity of fingers which 
are good thermal conductors and reach through 
bores up to near the optical surface; 

figure 8 shows a section through an embodiment in the 
case of which Peltier elements are adapted to 
the heat-distributing body as part of a 
temperature controller; 

figure 9 shows an enlarged illustration of the detail 
Y in figure 8; and 



figure 10 shows a section through an embodiment in the 
case of which the heat-distributing body is 
flowed through by a fluid which is guided out 
of the heat-distributing device and subjected 
to temperature control in a temperature 
controller situated outside. 



DETAILED DESCRIPTION OF THE PREFERED EMBODIMENT 



0022 Figure 1 shows an apparatus having a heat-distributing 
device which is adapted to an outer surface 5 of a 
thermally loaded body 1. The heat-distributing device 
comprises a heat-distributing body 11, a coupling fluid 
17, a pressure compensation device 19 and a filling 
device 21. The heat-distributing body 11 is designed as 
a solid body made from a material of high specific 
thermal conductivity such as, for example, Cu, Al, Ag, 
A1 2 0 3 or SiC, and is configured and arranged such that a 
narrow gap 18 which is filled with the coupling fluid 
17 remains between the thermally loaded body 1 and the 
heat-distributing body 11. The fluid, for example He or 
another inert gas, H 2 0, Hg or a metal alloy which is 
liquid at room temperature, ensures good heat transfer 
between the outer surface of the thermally loaded body 
and the heat-distributing body, while it simultaneously 
prevents the transmission of deformations of the heat- 
distributing body on to the thermally loaded body. 

0023 The pressure compensation device 19 is designed as a 
metal diaphragm bellows 20 which simultaneously forms 
the boundary of the thermal coupling surface, and 
connects the thermally loaded body 1 and the heat- 
distributing body 11 to one another. The pressure 
compensation device 19 ensures pressure compensation 
between the external surroundings 9 and the coupling 
fluid 17 such that virtually the same bearing pressure 
acts on all surfaces of the thermally loaded body. 
Furthermore, the pressure compensation device 19 
prevents a variation in the pressure of the coupling 
fluid 17 in the event of changes in shape of the heat- 
distributing body 11. The metal diaphragm bellows 20 
additionally seals the coupling fluid 17 against the 
external surroundings 9, and serves as fastening 
element of low stiffness with which the heat- 
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distributing device is fastened to the thermally loaded 
body 1 . 

The heat-distributing device is provided with a filling 
device 21 fitted on the heat-distributing body 11, in 
order to fill the gap 18 with the coupling fluid 17. 
The filling device 21 has the function of a sealable 
connection between the gap volume and the external 
surroundings 9. The filling device comprises a housing 
22, which is equipped with a filling opening or inlet 
opening 23 to the outside and a connecting channel 24 
to the gap 18, and a valve screw 25. 



Figure 2 shows an apparatus having a heat-distributing 
device, in the case of which the heat-distributing body 
11 is adapted to an inner surface 6 of the thermally 
loaded body 1. The thermally loaded body 1 comprises 
two parts, an upper part 2 and a lower part 3, these 
being configured such that a volume located inside the 
thermally loaded body 1 is present after the assembly 
of the upper and lower parts. Before the upper and 
lower parts 2 and 3 are connected to one another, for 
example by bonding, the heat-distributing body 11 is 
inserted into the inner volume produced. After the 
assembly, a connection exists between the inner volume 
and external surroundings 9 only via a volume 
compensation channel 8, otherwise the inner volume is 
sealed off from the external surroundings 9 by the 
joining surface between the upper and lower part 2 and 
3. 



As in the design according to figure 1, the heat- 
distributing device is built up from a heat- 
distributing body 11, a coupling fluid 17, an pressure 
compensation device 19 and a filling device 21. The 
heat-distributing body 11 is designed as a solid body 
made from a material of high specific thermal 
conductivity and configured and arranged such that 



- 10 - 

there remains between the thermally loaded body and 
heat-distributing body a narrow gap 18 which is filled 
with a coupling fluid 17 for the purpose of thermal 
coupling between the thermally loaded body and heat- 
distributing body 11. In order to fill the gap volume 
with the coupling fluid 17 and to compensate changes in 
the volume of the gap 18 filled with the coupling fluid 
17, the volume compensation channel 8 leads from the 
inner volume into the pressure compensation device 19, 
which is formed by the metal diaphragm bellows 20 and 
is connected to the lower part 3 of the thermally 
loaded body 1. The filling device 21 for filling the 
system with the coupling fluid 17 is connected to the 
pressure compensation device 19. 

0027 Since the heat-distributing body 11 bears with the 
force of its weight against the lower part 3 of the 
thermally loaded body 1, it is advantageous to create 
stationary bearing points such that the deformation 
state, caused by the bearing forces, of the thermally 
loaded body 1 remains unchanged. The heat-distributing 
body 11 can be provided for this purpose with three 
support pins 12 which reach into the centring bores 7 
of the lower part 3 of the thermally loaded body 1. 
This results in a statically determined bearing of the 
heat-distributing body 11 which is secure against 
rotations and displacements. 

0028 Figure 3 shows an apparatus having a heat-distributing 
device corresponding to the design according to 
figure 2, with the difference that instead of bearing 
on the lower part 3 of the thermally loaded body 1 the 
heat-distributing body 11 is connected via a supporting 
body 26, likewise belonging to the heat-distributing 
device, to an external bearing structure 27, and is 
therefore held largely independently of the thermally 
loaded body 1. By contrast with the design according to 
figure 2, the pressure compensation device 19 is 
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adapted to the supporting body 2 6 and connected with a 
fluid-filled gap 18 via a volume compensation channel 8 
leading through the supporting body. 

By contrast with the design according to figure 2, the 
filling device 21 is likewise adapted to the supporting 
body 26 and connected to the gap 18 via the filling 
channel, leading through the supporting body 26, or 
connecting channel 24. The supporting body 26 projects 
outward through an opening 10 in the lower part 3 of 
the thermally loaded body 1 into the inner volume of 
the thermally loaded body, and is connected permanently 
there to the heat-distributing body 11. 

There is no direct connection between the thermally 
loaded body 1 and the supporting body 26, rather both 
parts are separated from one another by a fluid-filled 
gap 41. The fluid located in the gap volume is sealed 
off from the external surroundings 9 with the aid of a 
sealing elastic element 28 of low stiffness, for 
example a metal diaphragm bellows, which is arranged 
between the lower part 3 of the thermally loaded body 
and the supporting body 26. The low stiffness of the 
sealing elastic element 28 renders the forces 
transmitted via this element in the case of relative 
movements between the supporting body 2 6 and thermally 
loaded body 1 so small that no appreciable deformation 
of the optical surface is caused thereby. 

Figures 4, 5 and 6 show an apparatus having a heat- 
distributing device corresponding to the design 
according to figure 2, with the difference that the 
heat-distributing body 11 is designed as a thin-walled 
hollow body 13, for example a tube, through which a 
second fluid 30 flows in order, by means of the 
material transport produced in this way through the 
heat-distributing body, also to transport the heat 
absorbed by the heat-distributing body 11 and thereby 
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to distribute it uniformly. Likewise by contrast with 
the design according to figure 2, the heat-distributing 
body is led out of the inner volume of the thermally 
loaded body 1, in order to be able to connect a 
recirculating device 2 9 in the form of a media pump 
between an inlet opening 14, fitted on the heat- 
distributing body, and an outlet opening 15, likewise 
fitted on the heat-distributing body, for the flowing 
fluid 30, this recirculating device 29 being part of 
the heat-distributing device. The two fluids 17 and 30 
of the heat-distributing device must be strictly 
distinguished, because while the first fluid 17 serves 
the transfer of heat between the thermally loaded body 
1 and heat-distributing body 11 or 13, and has the same 
pressure everywhere, the second fluid 30 serves the 
purpose of distributing the heat inside the heat- 
distributing body and, because of the flow pressure 
drop, has spatially different pressures. The heat- 
distributing body is held via a permanent connection 
between the heat-distributing body and thermally loaded 
body 1 in the region of the opening 10 in the lower 
part of the thermally loaded body, from which the heat- 
distributing body is led out of the internal volume. 

Figure 7 shows an apparatus having a heat-distributing 
device corresponding to the design according to 
figure 2, with the difference that the heat- 
distributing body 11 is provided with a multiplicity of 
fingers 16 which are good thermal conductors and reach 
through corresponding bores 42 in the upper part 2 of 
the thermally loaded body 1 to near the optical surface 
40. The design variant can, in particular, reduce 
temperature gradients which are aligned perpendicular 
to the optical surface and therefore run, as it were, 
from top to bottom. 

Figures 8 and 9 show a development of a heat- 
distributing device corresponding to the design 
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according to figure 1. The heat-distributing device is 
additionally equipped in this case with a temperature 
controller 31 comprising one or more Peltier elements 
32, a temperature sensor 36 and a temperature 
regulating unit 38. This development renders it 
possible to keep the mean temperature of the thermally 
loaded body 1 constant largely independently of the 
level of the useful radiant energy absorbed per time 
unit. Since stabilizing the temperature mostly requires 
heat to be led out of the thermally loaded body 1, the 
Peltier elements 32 are connected to the heat- 
distributing body 11 in a planar fashion with their 
cooler side 33, while the warmer side 34 remains free 
and is arranged such that the heat output by this 
surface can be output in the form of radiation to the 
ambient structural surroundings. The temperature sensor 
36 is embedded in the heat-distributing body 11 for the 
purpose of determining temperature. Electric supply 
leads 35, 37 of the Peltier elements 32 and of the 
temperature sensor 36 lead to the temperature 
regulating unit 38 such that a closed control loop is 
produced. 

Figure 10 shows an apparatus having a heat-distributing 
device corresponding to the design according to 
figures 4, 5 and 6, a temperature controller 31 being 
inserted as a development into a circuit 39 of the 
flowing fluid 30 such that the temperature of the 
flowing fluid can be controlled by means of the 
temperature controller 31 independently of the useful 
radiant energy absorbed per time unit by the thermally 
loaded body 1 . 



